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(54) NITRIDE SEMICONDUCTOR ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prolong a service life of a 
nitride semiconductor element and improve the reliability of the 
element by improving the quality of a p-type conductive layer, 
which the cost of the element is reduced and the productivity of 
the element is improved by making a heat treatment after the 
growth unnecessary. 

SOLUTION: A nitride semiconductor laser is constituted, by 
successively forming an undioped GaN base layer 12, an n-type 
GaN contact layer 13, an n-type AlGaN current injecting layer 14, 
a GaN light guide layer 15, an InGaN active layer 16, a GaN 
optical guide layer 17, a p-type AlGaN current injecting layer 18, 
a p-type Gan contact layer 19, and a p-side electrode 22 on a 
sapphire substrate 1 1 . The surface oxygen concentration of the p- 
type GaN contact layer 19 is set to ^5*1018 cm-3, and the 
maximum value of the oxygen concentration near the surface of 
the layer 19 is set to a quintuple of the in-surface average oxygen 
concentration of the layer 19 or lower. 
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(57) [gfa] 

aNTJteJl^ n-GaN3>^^M13, n-A 
lGaNS3iEi£AJIl 4 X GaNjfc#-f FJil 5> In 
GaN?g£Jfl6x GaNl^K17, p-AlG 
aNStSKaAiil 8, p-GaN3>^^M19i: t 



22P««ffl 




(2) 



[tt*!F»#<Z>16l3] 

ffilB&&{b*ffi¥WM<Z> o Wimp SMb£»*i«M* 

m «t 5 t,aiiBSifi£ffi^{£g£^j*£*ifc, 

^ia^g^b^^^*aF , iov^r^^<poMBS^,^a:t^I 

[M*g2] mzt, 

wia*a{b«3RiNWMia>^-6, laiapSiSfc&iJ&^iii 

js&tgUS 4: UT^tr nm&m*mi*M 

Etttscftti? ent nmmm t*m*.. 

iSWftiU *n?ninj, Al y Ga z Bi- x - y - z N m 
P n Asi-i-n (0^x % 0^y> O^z, O^x + y 
+ z^K 0<m„ O^n, 0<m+n^ 1) 

**»i»JBftJBdir«xgi:, pSi£iJ¥4#US^St8 
«5aRk UT^trfb***il(*liftJEia-r*xili: fed 

'J>«t<kt»pS!K-^>m»ieu t t7> i E=7 (nh 
3 ) ft*MW#*» StfCO, C0 2 ©iS&O. 1~ 
1 0 vol ppbttTC»«*nfc!«tt«^igtt3!l^*&«t 



ft < i: <b nSfs^fc^ LSlgSrfllfiJcTC^fc LT^ttfb^ 

8583 p # USSR £8§fi£7G$ 4: LT^trtbi^* 

&tk<£Jbpf&Y—J*>hlB&3lLVtZ7> : e-7 (NH 
3 ) *fSbmH#Xs RWm (H 2 ) *ftl vol ppb 

«rfb^*#fM*^"*-«xatt» V«OW*i: III 
mmn<DQ>ite&. (mo l) tfc (V/III It) S400 0 
UT» fiL I n*^»MlMNI#©*£Ctt3 0 0 0 

o aTTff *>n* - 1 s^esi:-r 5it*flp 4 x& 5 torn 

j©*u mBpaie«*#-r4»«iHi*«si*t-sxs 

fm<Dtzto<D%&&mmm>i&fez&±^ p. 

•5tsit£®*mtm ^m^m^mm^m^mm tLx 
j^fi8u> ajii3psei)¥?c#-r5S*®a*JKfi8;-rsxa 

^SiaeT- 5 xg S IS< j- 5 d i: Sttfll 4: 1" S 
91 4 XJ± 5 IBI8cDS{b^»^*«i:?R^©Siit*». 

m^mtLx^tsit^a^^mt, pm&®*& 
<Dmmm&*ffiztzm<mm*mfr%*£ti^x, 

3^, ««iafflpiifi#ft#"r*a**dtrfb6**» 

^sros^iaopSis/iD^cD^aeA 5 , Biiiajii*igi5©pSJ 
flytattotttc!) i . 5 muLt iooo ittTtfts c t 

[18*13 1 0 ] St£±K, 'i>fc < 4: -fo nl!E#ft # Lfi 



(3) 



*SC>T> 

0>&<i:*>pMK-;<>hJgms 7>^-7 (NH 3 ) 

8&ffififc7^fcbT:^iHb^*«l«*Jf fc, pM£iS£ 

'i>fc<fc*pffll*->t>MMBk (NH 3 ) 

*«trJft»#^2kW*V'JT#^*fflv^Ts pSITOtn 

£Jf«jg©££®Jf fcLTJFMU SWBpffl*««fta 

mtmmmjSLV7^=.7<D&&%&±u psh-m 
> y 7^ m%.mm, m%.im.x 

nron 1 2 ] tmvMY-rt> hmntts . 

«>£A (Mg) {b^JT-feS^t*^SRfcrS8S*iH 
4, 5, 6. 7. 8, 1 OXttl l£B*®*<btt*¥ 

M&gi i 3 ] ffinBflr&ffmfctt 3 otww_tc 1 bmu 
rtfc u mfEffijg&&£.& 3 o on3w±Trf»aaEaT 

5S?#Jfi7. 8, 1 03U11 lBtt®aft*K¥«ttJR 

» Lmm&mmTtfz t Xsxstsib-t&a^vm ts mm 

5*k mmM<Dmifiln x Ga y N (0<x£l, 0^ 
y<l. x + y=l) itlni Ga m N (0^1^ 

i. o£msi, i +m= i , X *i) mz&uizmm 
%'i>tt < t *^m*-3?K p spFmatmniitsn-cis 

[M&R 1 5 ] l!MBjB&?fll&*ft-*-£JIUU ftM^JS 



(NH 3 ) **trJHft#^»w*ll«it^JSttJ!y^3b»6 

[ff#H 1 6 ] 3W«fc*iStt:*f;*fr6«t**+ 'J 7# 
WE**-*- 'J 7#*tt*fcS6flfrtfc:*jlt** 'J 

& 7 ga%feiT^trc w«a 1 5 ibue© 

[0 0 0 1] 

©fascist H-r a . 

[0 0 0 2] 

[t&feo&ffi] je*. 

lasac^^^-K (WT> LED 2: 6 1*5) -¥>^ 
#1/— !f (JUTs LDfc%>V>-5) JIBtmil/T, Ga 
liZtelsbk LTA 1 OaN«FeDaflSttJKJ#4|flE^S$ 
nTV>5o *fc*8fc* InGaAlNilSIt III- 

*+»r*#U 0. 2~0. 6 unfits BP"&iSfi~* 

[0003] £®a®^feft*iMm**m&jaitfe¥* 
[0004] «flESAa<D«M»R7ftaeB-r2«^ p 

n«Affl*aB*fc**&»Cpfflgil»J£tffcnfflei* 

mamm^'oiKX'tb s. 1 n a 1 g a Nxtmc 

*wttt. n9C4M£Hl/TU:« Si 
5. 

[0 0 0 5]-^ pSeWIKHLTtt, 

(7?-k7*®&, *+yraME) ©<»*« 
c:©pfflfi»JBft»i«"r6Ctta», 

hfcLT^^*^^/* (Mg) XttffiSS (Zn) «^ 
V\ U7 ; if^ (H 2 ) M7yt-7W (N 

H 3 ) 1 1 0 0 o Cgl£©&®£(fc#Lfcfi£-JlffiJ£ 

SiftSbs z:©fiXSS4S±tGap!|!4-^AlJl*4*^*& 

[0 0 0 6] bA>LJ&:A j e>s ^fflSSTff^LfeMg K 
-7*G a NJ1SVA 1 G a NJI& if©M g H— 3^S8fb«J 

[0 0 0 7] inWAIi, Z n&W sfflJptt*©* 
ffi^air^2:^ WCMOCVDast:j:«iaftT?H:, K 
W^fcL-Cro^^^-T (NH 3 ) ^tUTWk 



(4) 



rStt{b* J ftSlfe>tvSi:#x.6n5 (J.A.Van Vechtenet 
al.,Jpn. J. Appl.Phys. 31(1992)3662 ) e 
[000 8] Mg nAl GaNIIiMOCVD 

XZfrZOfomifiMg &£tu Mg 

7*-b7*&H+ *qF«&{b:*-rrL*-5fc«>, ©Si: 
l/CBiffiifiJl£&3. Mg#l x 1 020 C m-3 

©S&T-GaNK h--7?tlt®^ zkfSSiSfifc 1 x 1 

GaNlli, mfki*X'l$.&Z-£tz7>}*-7 , X\±Si F 
-T'GaNHtlt^, 1 0{3W±©*&&&i:fcoT:te 
tJ , Jfc-^fflte-?' C - V i»J5£fc £fc J: t) , as gr o 
wnX&JS&!fi:Cfc-5 £&&qKR$ftTl v&I * 

[0009] C^Ltas gr ownTJSSffifit^feS 
MgK-rGaNIC^fU S^ISJ&S* (H.Amano et a 
l.,Jpn.J.A P pl.Phys.28(1989)L2112) ^mUM (S.Naka 
muraet al.,Jpn. J. Appl.Phys. 31(1992)1258) 
MgcD«^{b^AS|6j±rsc:i:Asmm$nx fcUHSKLE 
D©f^b^LD&Jg©||;S#&£ftTV>"5 (S.Nakamu 
ra et al.,Jpn. J. Appl.Phys. 35,(1996)174. ) . 

[0 0 10] i^T, -j«a&?JtC{4, MgF-3Wl*«' 
**f*JItt, *®JBjft&C: 6 0 0*C~ 8 0 O'CS&CDg 

XH#flE£ftS. 

[0011] £©«fco&fftj!!UiigCD&, Mg Y-?m 

<tyom*mftm&. Mg©rs&fbfc4.Dpgy<2«&£^-r 

-f 3. 

[0 0 12] El 3 7{4g{b%^Sf*&/8^fcJft3ilSJ& 
-if 14, fttt&IISUIfijlfttt (MOCVD) a 

t«tt)> t7 7>f7Sffii±t, ;<?77i ask** 

•f) , GaNTi&®2, GaN3^^M3, nIA ' 
lGaNm«ii£AS4, InGaNSfflUfc^tl?* 
P (MQW) filiifc^-fSfSttJf 5, plAlGaNi 
«ti£AJ16, pSS®&ffMt-afci60pSGaN=i> 

[0013] z<D®<D&mmmv>Bfflftzt£, -ask, 

I n G a N &CDiStt/i 5 fcl*tt* V U 7ii* b. LTzk^ 
#{$ffl£ft5«, I nGaNj£f£Jf 5©ffMNf£ 

£JH»»C*JUT, pSAlGaNl«SaA16Mp 

fcLTMgtfttlSW. MgttfiKftcfilCtHStt 

it u«cv^fc», $JiffiBtt*®j£iftft£g*&i9ai-riiik 

[0 0 1 4] C®flMUiCDffc. H7^3:f^>yiSICJ: 



£*T:fifofc;*ft, U*>£&, GaN3>^^M3±C 
nfltt&8tfftgfi!tSftS. *& % liftSSftfcfr-a&pfi 
GaN3>**Mi7±fcttp«*8^:W&*;Sft6. 

ft, #iSSi4SIHtfffM;*ftT, Wfe*«M*u— tWIUS 

£ft&o 

[0015] i/*»ta*»6, i©*ft*MW*u— trtt, 

SSK££AL.fc-5i:-rai:, H)ftMIEA<2 0Vtt±C± 
#U ptt«a9&£fi'tttt£ftTl»'5. coiofe 

Ea®s«?»-r5fe«)K:i±, pfl«tt9®:}>**h&£ft 

-B- S £ * S !^T- a o 
[0 0 16] c©#fi3Mg#u— ihcoot, g 

**ift©«*»#*=:»:-f*>K«»W (WT, SIM 
KiOiB^fc. «®ltJR, 03 8 <K-5 
£, Mg©^J48&^©jr&&£SS£;frftK-?£-ei& 

s. -3Sr v «* (c) , jic«. (H) , ®s& (o) 14, m 
&^-r#, afca&s&K, -KHojftftJM&Bc*- fiXji® 

rt$«fc!)fc#ftK&fcH;*ftS. StS&fciSfc: 

1 ~ 2ffit# < tttf]£ft3 d «. 

[0 0 17]t£^T, pSGaN^^i- bMliipW 

M g keiFoV^TM gtf^ffi&fbSftS d £ Ifimtb ft 
J^?Stt^^rtgiJA>6.©ffi;ffiCXI4||j«!!Lail#^ 

SETS. S?58«4, 5M!«C£U;fcS?S®{bM, 

[0 0 18] fi&JUfgglffiC&iS, tt*#$^4l 

£tCl4&© (1) ~ (3) KSt i^&HJB* 1 **, 

(1) Mg^©F-^>b©?Sttfb*£lST£-fc!\ ^r-V 

'j7afjt*«T***BW#**. (2) nmtn&ft 

(1) ~ (2) 14, pffl!lSfii9i:CD3>^i' Htttfi£± 
*S<f, «*ttfc(BT2F*TL* -3. (3) « 

[0019] *&, i©j:5&afb«»***«*?T? 

J4, ^MQSSr^Sil-rSt)©®, pS/lOMff^&iS© 

ttfb-rsocursiiWDfliieiBi^flttt)* **oittt& 



(5) 



[0020] fint., mm^amtTHfis *m*»m 

v>. pmfcmme, i^z^m^Lx^tzt), mi 
tumamtj:*), Mg<Dm&.it*&{s.T2itx^z?<ii& 

[0 0 2 1] i:C15T% *3im*jff&*-ftl8j&»&JKt 
¥8-1 2 5 2 2 2^:&?gfcKI^£ft-0%5„ dCDSfR 

muz, 7>^-7^^©^fSft^t©tfe-r*c: 

•5. 

[0 0 2 2] 

[0 0 2 3] *fc, jftJHft®JlMVlc:j:>K *X, M9K 
[0 0 2 4] jfcfc, LD©»^» p«J««9fc©=i>* 

* Mfitt#Kv>k» ly-v&m&mmtK^tz*), le 

[0 0 2 5] *»Wtt±B»*ft**LT*:*ftfc*a> 
i:LT(MWbaiF4aitt©|ql±tia»)oo, pS£«« 

[0 0.2.6] *&, *ara©iftfit> pse«ji©eig 



[0 0 2 7] 

[0 0 2 8] BP*, (M&Rl) G\ gffii; % iKr 

ia»ffi±t«^}fM$nfeit»©Sfb%^iii«{*ji t „ 

«#7GfS LT^tr nStf b£%¥*#Jf fc* >J>tt < *» 

{btWMMIWMi ft © V > r ft*© Jftt V ^ tit jiuf BSffi £ tt It 
T> MIBp£ft^^«(Mia>ftiSftacK:«»-ftlfHRa 

[0 0 2 9] *& % #$gH;i (|f5RJS2) fct, StRfc, m 
^tit 3X*ari^£LT^p£<b^NM*fli 

fc, m2vmmfc®&#m#®±izBi&£titzpwnM 

Sfb%^#««^rtov^n*»o®BK^ttB5I3SffitiS; 

it e> nst nflassi t sd^. fcSYb^i^^iSf*:^ -e o 
t, afHBp^b^3^^©«ig{ti£K*3it5j^xie 

[0 0 3 0] pfflfli^**«KMiJktFnfflfll-& 

-en-eninx Ai y Ga 2 Bi- x - y - z 

N m P n Asi- m - n (0^x, 0^y, 0^z, 0 
+ y+z^l N 0<m % 0gn> 0<m+n^l)T-S 

[0 0 3 1] (Bt«914) tt, a6tE±t, 

fits pm&i»zGLmmzmi$.5imkLx$tt<t-&v> 

WiJSiStiS^T, ffiEpf!£«£ttLS*&flfJ&7cX 

SMlJ«*atC «!:!); *56e<k*pl!l f -^>hJB«aeuf 
C7>t=7 (NH 3 ) ftsrtraift*^^ AVCO, c 
02 ©i&SO. 1~1 0 vol ppbWTt»«**lfeKW 



(6) 



[0 0 3 2] #&BJ§ (ll*«5) l±, Sf£±t^ 
ft«&JKSUBAAifiic «£ !K 'J>«e < k * n$t&mZG b 

ft «j«r 5 xgt ft «t 

M»*i*K:*»HT, ffllBpSe«ft#UflHRftfllJft7cJR 

ftfMUK&CJ:!)* '>fc<fcfcpSK-/t>MM*a6lF 
1:7^^-7 (NH 3 ) ft^irM&tf^ (H 

2 ) iaa i vol ppbWTfc»«*nfc*w«^jstt3tf^ 

u 7'^ftfflvis c fcft^ssii-ra. 

[0 0 3 3] pSe»ft#UgsRft«^7C^i: 
LT^b6«MMMWBft«a«1-*x|lHU VlfcM&i: 

III£JRtt©0tttft (mo 1) tb (V/III it) .ft 4 0 
0 OWT» fil I nft«tafls«r*aKI«)»6Ctt3 0 

0 0 OWTT-fft>nSCli:A s S*bV>. 

[0 0 3 4] *fc % pffiettftftLftftftflMKre**: b 

t»*u iwBpiie»«#"r6«aiBJiftjKflM-*i- 

S©«M=, fiRi£©fc»©#l»^im©tti£ftf?ihU 
pS bKHJKFSWWC^Sttfc** U 7ii* 

[0 0 3 5] *fc, p£fi«ftftLajRftfl!J*7GX2:b 

tjb*u twapaae»ft*f*««BHift»j«-r*x 

*§©&£, &tm<Diztb<Dmw&mmn]StVT> : e-7<D 
fl«&tff±u pu nwawiawt'RStt 
&**vT#;*ftffi5&im w*»KTttie-r4*»s x 
ttmaaHi-cflttM'SxfiftBWtaifctffli* 

[0 0 3 6] *fc, pfflF-/l>hJW*tt, 

(Mg) fb^Brt-ifeSCfctfSS b^„ 
[0 0 3 7] *fe, ffi&ftl8l2:tt3 p»tt±-C 1 
rt i: U fl<JS2ffi5£g& i: tt 3 0 0 ■Ctt±'CJ*«iME WT 

[0 0 3 8] *fc, *^ (11*91 9) i±, Sffi±K, 
'J>fc < nS<H«ft# bfl*£flMt7C*fc bT^trfb 
pI!fiK«ft*ba*ft«Ml7£*fcbT 
Strfli^ttMWifMik, «fflfc©«JBfllJaft«itfcafb 

a»©a{b***»»jiO"5*H sa®opsi2«ft# 
f a ft «rtb^*iM**cD*«H© p amo 
meiiA«a)psajuiitocDaft<Di. 5»w± 

1 0 0 0«WTT?ft*^i:ftW»i:-r*. 

[0 0 3 9] Sfc, #$60)1 (M#ft 10) tt s gf£± 

<J>&<fc*nS!fi*ft*bB*ft*dl7«i:bT£ 
trtb**MMW*«i:» pfflE«**fbBJIIft«J«7G*i: 



iM>K»k T^-T (NH 3 ) ft^trJI*4# 

^M*t';7^SffliM, pSHFHttft»anb&& 

ffSftfltfi&TC&fc b-Cdtrfb^***«8ft*?ffl*JB» 

aacDSftiBJi&bT^u waapffl^wftftaanbfc 

W4©fltt&*fM:U pSII e -/t>HH>k SV^rt'J 

=^ft«t&r*cfcftwa*:-r4. 

[o o 4 oj *&bj§ «s*ra 1 1) fct> &m± 

fc, <J>& < i:* nMi5*ft# b^!Sft«lfiR5c^fc bT^ 
trfb-^^ft^ts pSfi^ft^b^lSftfilfiSTc^t 
b-c^trfb^j^^iis fifiii:©8IJl«j£ftfiI*fc 

SI MK*k 7>*-7 (NH 3 ) ft^trS*4:*f 

*2KWr*U7:tf;*ftJBVvi\ pfflTOMtoftaanbfcS 
iSft^fiftTclS i: LTStrfls^** ft*?Jl£JUia©ft 

jW8»fc-bT«jau wBpfflwwftaanbfcJtaiB 
■ftjisrt-rsxfi©*-*:* fi8^©fc»©#«i^js/s*4a 

V7> ; E=70i^iU pBM^HWav 

[0 0 4 1] ZZX; pSH-M>MWi x #«Sv-^ 
(Mg) <b£irt-fcSc:i:#S*bv\, 

[0 0 4 2] jk?©g!a#s. 

[0043] ffiftgnfctts o»a±-c i bm«i 

1*1 i: U BUiBm^aKttt 3 0 0 iCW±TJ&ft&tttirF 

[0 0 4 4] *3m (IMSB14) tt, SIK± 

C % i:t»nSfii*ft#bg|Rft«ifiB7C^t bT^ 

trfb^4MMIW«ii:, pSfi^ft^bSlRft^fiRTcIKi: 
LTdftft^WMWMks mfiSt©«[S«liiftil^fc 

x Ga y N (0<x£ 1 , 0^y< 1, x + y=l)S 
fclni Ga m N (O^l^l, 0 gmg 1 , l+m= 

l, x?ti) «ftSESc«wj-«ffl»?«ia*»6J«aJi 

c p * n-r v > s c ft ^rss t -r s . 

[0 0 4 5] dd"C\ j|Btt?»Jift#r4JBH:, 
i/fjL, (Mg) ftftllihU t^7'> : e-7 (N 

h 3 ) ft*trH»*^avmio?UcTi8IS^A , e>ia* 

*-v 'jy^ftffl^Tffjfia^nT^s^ii^a* b^. 

[0 0 4 6] *fc % *KWfc*iStt:tf*A»&«eS*+y 



(7) 



*3trUt*tt 7 SMXWTT* * d i:* J S* U^. 
[0 0 4 7] jFJStt3tf^t«a«if^*»6a*Cfc 

[0 04 8] (flUB) <t*l-K, I n x A l y G 

a z B^x-y-j N m P n Asi- n - n & if© p fiMb£*tf& 

«H-SBHKWE<DV«tt«> 5 tteiTf* * - 1 ££rS&fc 

[0 0 4 9] In x Al y Ga z Bi- x -y- z N m 

Pn Asi- B - n ftifOpSfb^^MKMOSBNiEt: 

c, #£L<i±3f3fcrrc;fe!>s b<t±2fg 

A (Safe) > #^ff^^ft£©JH?ff*&ligrc 

[0050] *& % pafc^^fM 

^r+'J Toffee 0, CO2 4>iME-t>H2 ©iSSE, H 
CttJKHttttit (V/III ) ftgttrscfcCJ:!)* fig 

mtamnm^mm lx-p mwoPFmBV tsefb u n 
&*u K?©amitt& <bm& =3* b*»** 

tlqi±-rs. p^S®fc©3>** btetfi©® 

tt, *S*D, ««tt#*(IC:ifii±-f«. . 
[0 0 5 1] 

[ftH©Xlfi©JI28] WT» 4&ffi©£lffl&B*BIIii& 

[0052] (sg 1 ©sssff^) 0 ni, *»«§©» 1 

0Mu«tVw^v77H*^U 7>F-7GaNT»i 
12, nlGaN^^^ hJB 1 3, nlAlGaNt 
ffi&\mi4, GaN**MFJI15s InGaNrSft 
116, GaNfttf-f KJf 1 7, plAlGaNfilS 
AJf 1 85VplGaN3^^ bJf 1 9#m&x JfcfiS 

[0 0 5 3] C©#JU8igl±, *©-«jb«pfflGaN=i 
>**~KJf 1 9©©S*®jb»enIJGaN=)>** bJI 1 

i n C J: 0 BttJ * n'fc G-aJf a_>£2Jd* l-3^t 



[0 0 5 4] fiU ±*+Ur*^-eftsajRfel^tiJ> 
fi©*5R#;*&JB^TU5. dftttlnGaN^fSttJf 

«>, ^^^©MgoK^iiinstiiD^-a-s^jSA^ 

[0 0 5 5] $JBflreTI»£Sn&t'8iS£-©pS 
G a Nn >^ ^ 1 9 ±t tt«iii£^©feii)© S i 0 
2121 tfjKRftCjigjAdtU 3OSi0 2 I2 1M 
p3»GaN:3>»* Ml 9±£pfflt&2 2tfJBdt£ 

[005 6] **aOBttt«toa*«M*I/— 1f tt, CI© 
J: 5 C^Jf flig£ n<R!im«SSVpffl!l«fi8&# UT H 5. 

[0 05 7] fc*K ftttttttftr 2 pSAlGaN 
SSiESAJfl 8MpSGaN3>^^>Il 9©J&ft 
R^2KJ9&ffiftoff&iBS fcfc, ' M.g -zkSS©«^<*© 

[0 0 5 8] W±©J:'5Jfe4MW*i/--if©»ja* 
[0 0 5 9] Z<D#&&U— tftts MI«J©MOCVD& 

ut, bU^^;i/^<;^A (tmg) , YVjif-ivrfr 

K=-^A (TMA) , bU^^A^f >y«>A (TM 
I) , t^^^P^>^^-;i/V^^^A (CP2 
Mg) ASffiffl^n^o 3tf^H3(!4t Lttt, 
(NH3 ) , >7> (SiH4 ) 

[0060] s-r, t7 7-f7Sfii ii±, #«a^s 
o«iJH**nfca» Mocvp«B©fi*artCT, •* 

r-fT'StRl ltt, #E£-t\ *^4 J 2 5L/^©o!tfi 
T«Adn«»Hft«t» , C, iBUtl 2 0 0-CT#Jl 0^ 

[0 0 6 1] «l^-*7y-f7»lttRl 1±C, 550 

1 1 0 0 °C, V'J T*"^ k UTzkjfiAS 2 0.5 L/» 
■C**n» 7>^^T*«9. 5L/fl\ TMGA S 10 0 
oc/»<oaaiT6 0»IBfltl&*n*dJ:HJ:0» 
77l±K7>H-7'GaNTIil 2*«ffM^tlS. 
[0 0 6 2] $6t, Si H4 A 5 10c c/^-CDi&mX' 

fiR^n, TMA*»6 0 c c/^-efiit^tlSiIi: 
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[0 0 6 3] ^CD^x COStKiaS**7 8 0'C*TI$iS 
£*U **y.7#*tfaHR2 0...5..L/#fc1jU#;L.e> 
ft, 7'> ; E=7'3!) J 9. 5L/», TMGtf9oc/^ 
TMI#465c c/^©Sita-ei!i*l3 0#(B$A«*ft3 
£i;CJ:»), InGaNSttil 6tffgjft3n«. 1 

[0 0 6 4] I nGaNt5*£Jl 1 6<Bffl&ts 

#mn lo o'ct#i&£ft> 1 1 o o'ctmLtzt 

*+y7';tfX*SffZft(lcjR2(). 5/^rtiaj^e> 
-ft, GaNSfctf'f Kg 1 7#, GaN#;!M HJf 1 5fc 
|S]«OfiRfi^ WT- flgjft £ ft 5 . 
[0 0 6 5] fc*5, QaN*:tf-f KJB1.7tt, gf&&* 

HfifeSInGaN® 1 6 £ S & Tit £ 
[0 0 6 6] U^ASSiSAOWBaSfci^ttS^ir 

0s £ , &t> 5 Jt«fi«j i ~ 2 fc© 3 fijac^b^m 

[0 0 6 7] [AftM] **BKCffcV\ psiewiftjg 



V Lin4fl [0 0 6 8] G aN##-r KJf 1 7 <Z>flgjft& 

fr^ILtf^ 9. 5L/#, TMG4«100cc/^ TMAtf6 0 

cc/»tt^n, GaN*^-f HI17±t, 0. 2 
5 mJP© p I! A 1 G a NS^& Am 8 tf^fiJU* ft 
3. Cp2 Mg#5 0 c c/a-CJiADStU 0. 

7Am|POpSGaNn>^^ hJf 1 94«ffjfi£;*ft3. 
[ 0 0 6 9 ] flu U 7ifZX'tbSm$ilMK.>J> 

SOzK3R^?£ffl^^•C^>«tV^b CftfctlnGaN&fStt 

S:iSIRHIf&T-fe5A J , 7gS%WT, #*b<tt2S« 
[0 0 7 0] p£!fi3&flcZ>/ftJta8££tvt« £ 

(NH 3 )Ottl±0. 5 < , 0. l~10<Z>ffi 

[0 0 7 1] piGaN3>^^ hffl 9/&H&, *« 



&sjsm©flt&a s f#±£ft, y 20.5 
an, xsmsafismmtsMt. mu 7>^-7<o 

{8«&ligtgi&Ktf 3 5 0"Cfc3tbfc«N:f*jI:*na. 

[0072] [tt^j 1 ] ft&tmmajs&x-ibZo ep 

[0 0 7 3] [ JttftM 2 ] ^TM b AttglOMft 

p ffleWDja*3MICT£*ir y tut, c 

[0074] mm) 

(c-vwt) erne., aoou jt^i&vftfttou 

[0 0 7 5] AtttfjCDli&tt, SMOJiaftbT* 

pSfi»ra«wfe. c:©jw:«c!)imfc*'w*paaAi' 

Oa.N^^AJ|^.8tt7.ft-k^Wetf 6 x 1 0 18 c . 

"plGaN3>.^>.1 1 9 tt^-feT*^ 
jaStf.9X 10l8 C m-3x-fe5. BP"*, AfMWDKWT 

mj>m&mmi8, i9#fcMg*t7'*-fe7 > *fcb 

T«tt<bbTV*fc. 
[0 0 7 6] ttMl&tMt^20|&4tt« gfc 

«iaMbt'{±iS5iSffG-c*feDx paMbbft*-afc. act, 

ZLtl<h\mm 1 IfttfJtttM 2 OKftftffiKSBSl't'T 7 
5 0'C, 3 0^-M> «M«»b^ ISJ^tC-VffliJ^S: 
fffc^fci:.!^ pSAlGaNSSSaA® 1 8tt7^ 
■b^«fttf4x 1 Ol8 C m-3i;3Ec!3 N pS!GaNn> 
9*Vmi 9{±T^-b^Stt36«4x 1 0l8 C m-3i:^ 
Mg^^-b^tbTyS^bb-Cv^fc. 

[0077] (i-viRi^)-^ % cne>3fi3a©i3ai4 

fc»U StliE^K, n^mgB2 0,RVpS«fil2 2S 

ffjfigb-cia i cjp-rflEscttiW'Kfttfisriibfc. 

[0 0 7 8] A#M®SB<^Kfttt« ^ v Z 

[oo79] -ft, tmm i Rvit&m 2 eD«ffiM-ttf4 
[0080] ( u-if jHBWtt) -ne>3 fijg© 
bfc. 

[0 0 ".11 BP"6 % Zl\<~>3®m<D&MttUH («>Jt/\ 
-) A«3 5 OAmC^t^H'stgl^tV-C^lS^^^- 

[0 0 8 2] A#«fflJ|MSft:U— !ftt, WWE5V, 
b»V^|t*%iSlK5 kA/cm2 c*$v^-C» »S4 2 0 

[0 0 8 3] tfcttm 1 2kVtbttW 2 (D^mitU- 
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coo84] #is«d**mmmmm&) mz, zti 
e) , 7X38 (h) , mm (c> , ox (o) ©&£&# 

[0 0 8 5] A#M(OtmidU 02 (a) C^1\k-p 

t^^ttteftfev*. Jitt0!l©l£3fsHi, &f&iS 
fii J fiKS®rtt- 2 x 1 0l7cm-3*iirc— jTti&ofc. 

* fex nf*0y©tmi±, ^iRiaei^mTi!B ( i x i o 
[0086] -^s \mm\mf\m.m2\z. 02 

(b) £^-r,fc-3fc:> MgiS«{c:KUTI±> aM&SOml 
J*f*0i©IWfcnm:W5.xiol9c 

t,.7jc|giaffi^4x 1 0l9cm-3T?fe^>fe o tfc 
tttt lJKMbttft 2 HU. IMa9!fcC,^*&tf v .$a 
fiScgHrtfflJttt^ffiTiS (2X1 0l8cm-3) fiTTC* 
ofc'tf, 'KftjB**iifTfttlSi'3"x-l 0».cm L ^ 

fc. *fcx ifc««iiavifctt«2-ett, s&tbwi&ifc 

3 O^ia^tt). lfcRJI&3sST?fct3 x 1 0l9 C m-3fl 
[0 0 8 8] tift0U2tlttbtt0l2l*, gMSUI 

mc» ttmxtfa&mktihz x 1 oi7 C m-3-e-£ 

■Cfeofe. *fc» Jttttti;&tFJttt0!2tt, SSM^ 
tfURaft^AiMlililT 8X10 19 c m-3g£Ctg 

'inbtvvfc. it, ttftMiAzMtttau-ctt, #waa 

ffI©KlSiaJSI±^aiT|51 (1 x 1 0l7 C m-3) WTT* 
ofctf, INMftttftiiitt3c-?tt7x 1 Ol&cm-Stftffi 
Stlfco ft*, £©3ft^&©&£?8fi©ffJ7x 1 018 
cm-3j± % ftffl&M£ftAftttttbfcfe<Z>-?&!>, 5fi 

[0 0 8 9] (jBrt£ffl©?MMUE£ft) Aft 

Wfflimatfitttw i ©kwcov»t , s i m s £wc 
is (O . s?js (o) , ** (H) , sis (s i) en 

LTi^£. cn6©itS^*03~iai OCSVfV 
rt-C©*^tt*©*5^*-©*l>>hfttf, 0*£iB!l 

[0 0 9 0] ^0>J©|jS:*4tt> 03, 04, msRvw 
6izmr Xoiz, mm*** l OOnrnfiltS^ttlf© 
WJKiOft. BffSSiftK, 7X5fliSJaSl>-Ii?8iajS©®I*l^^ 
TfttK t^JUDWWzBbTfcWlftofcifil 



©sa©g^fBA s ®i*it*(t5pi— ^^©iae©^ 

«[ffl5«WTTfft-3fc. 

[0 0 9 1] tt*WJl©J«W<DlSjRCov^Tx 0 

07, 08, 09S 
V0iott, MSKb&H3<fffcHii;T*i>, 

[0 0 9 2] ~C:T\ JfcKm&Kmt, 07, 08, 

09av0i ot^-rioc, j^iRias. mm%i&, * 
[0093] w*>. turn i (z«»-«7nifeauE©tt 

WC, BOKMIlUt* nw&o&ftamifi 3 x 
1 0 19cm-3f*» Dv ¥*a#J&i&B£©SB#©faA J 2 x 1 
0l7cm-3T?fer>fc. BP*,' ftttM 1 fcfc, AJRiMeCR 

u MmA<o§^i^i^^msuom»tztty^ 2 mm. 

[0 0 9 4] ifctt^JlC*JV>TI±x 07SV0 8t 

s«^t, j^fSiaKsvssisiss. (0^-e-r) ©^m 

^fgiiffisy^isa©«mfl<JK!giv^gIJ^■*s^b5o 
[0095] jtKM 1 T'tt. &tm&m.%.vmm&B.(?>m 

80 #«*««©*«» «^fi^©KS^ *©«u tm, 

S* S 4C. ?frP©»i8H4*<gT;*-fc!-3. ft*, 
[0 0 9 6] ^CM^^ofctf, AJRiULftV 

[0 0 97] (^^UT-jlf^CiaWttffliEft) 

**flat*v^±* + u 7*^*aat#^fc b^3 

J:a«ftt©av^**«MC»to4*#0Si:«*K:»t>5 
ItttMl tSffl^t^c, ^©^*^01 1-^01 4 
feiJ, §04'© "nitorogen carrier gas " t± 
ft<*^J*^b % "hidrogen carrier gas" l±lt$&m 1 

[ 0 0 9 8 ] 0 1 1 (±0 a NJBC;ft(?SJiKJB&ft (JK 
m) ©^x^NBrt^Sr^^T-^fJv jKJ9©®rt^-^ 

■r. fiKS3isi±> «»*d»«fini-ci»bT»fc(a 
M9uu macitJEim^aawa (sem) t 

fi!l©m^<4aSr "front " tbtf>U TflE«©Wr*(4 
"back" tbT^bTV^. Cx>'^©(f'C>©^iSli 
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"center" fcLT^UTV>3. E^rSiot, RWJ 

WOBW^HU "front " t. "back" £©MTV£S[ 

[0 0 9 9] 01 2liGaNJf£:fc{*aj&iUI& (JUS 
JP) OfiK^iaKflt^ttSr^t-ia-tfct), JBtJ?©J&§IS££ 
te#tt£*tJfo-f£o i^«4H:> GaNJfCfffeg&KfcttS 

5«t-5t, Mf*0iJI± 1 0 0 0*C~ 1 1 0 0'C©J&R?a& 
CTGaNJf©J8J9#Bg-srt-;fcS. VMm 1 
fct, 1 0 5 0"C~ 1 1 .2 0'C£j&gi§fi#±#5K:oft 

[ 0 1 0 0 ] W 1 3 ttpSfcifflf 18,19 ICfcttST" 
*4r7*«flE (pSMMrUTflf*) ©fi£:&S&#<#£& 
^f0Tfe5, 7'^-b7 , ^iaffiJ±x JS*Q©C-ViicK«fc 
DWfe*nfc. BM*1-*J:3fc» JWMWttl 0 0 0'C~ 
1 1 0 0'C<Dl&g.f&BUZX7*-k7*m&&&-%.-Z& 
S. -JEN tttfeM 1 tt, 1 0 5 0*C~ 1 1 5 "O'CErtft 

stttf±# a nonr 7" * -t iam* s tiAn ut v^ s . 

[0 10 1] 01 4ttm«Ei£A (*5v H) ICfflV^ 
ftS G a A 1 NJftCfctt 5 A 1 x/\Hrt»#* 
*-r-Ht*4. «HttAl»aftj5*U «M*ttHl li: 

nfc. ft«:0!i©AiiafiR©«!e>o§ 

[0102] tiLt©3aMax*&% paie«JBkfta» 
Kit**** 'J 7Ma*?msktf-&s f&mtvmm 

£ft*iiU W*f^JR?©»&fcttpSl3>**r-Ji© 

©iaa©tiAo**M6n> d©*3?s©?£aE£<fc 

[0 10 3] *ft«Cfll£>SJlttM©Rft-ett, 
«*»!©* + U ?i3XtmW$}K.£M13X~C& set 
M*lc**#tt*blc<v*©*MffjWlftM*L 

acfiB-ra/awJiaaiB^©*** »*»#»**© 

fflffi***<U *fS£J;£Mg©^rSttfbi;, ttX&V 
BHK£ J: 5^a©iliiatn;fbi: fcHit-r * c k4«T? * So 

[0104] mt>. xmrnzmtztiit, dtjtft©Mua 

SS^gi: UT(S^ba^Mtt©fSl±Sia p 
l{IEilili©BHSfil±3*» ^y-fsr-KCtfc^iSiS 
%& A jb«£BfciM*f* 1/ — tf T- ti ©HrfftBE & *ffl 

[0105] .*30K»JBt: Antt, .sejteefscoit 



flttt©£j& «»^©e», *©fk ffitfu ^ D 
[0106] se>£, 43ttffl&BKJ:nt& ±*tU7 

T**#;iSSMHr*LT^S©TJ» *i(M«i«fr©Mg 

©Mgtov>TJ±7X5R^Ci t)JS*4^©^£COI 
LTMe**«MWi4>fcaA**»<-r*©^ .to- 
ll., Mg©«ttfls*©«±*BI3;:i:tfTS*. 

to i o 7]. *^fsBmc«tnH. ffiR^©ae 

Si: LTI±, *&#.*©$(£§© 5 {gOTS 2 0 0 0{£©3S 
■rtC*6©t,'«#5iJ; H'J>ft<TMgOgtt 
{b©ttfcf 6'tl*flaUMBftfc* **tf2 0 0 0fg«fc t) * 

sir^ifctfTf*, «5tiii©*«ttftisi±*"tts^fc 

[0 10 8] *9mSg8£J:nt& pSIn x A 
ly Ga z Bi- x -y- z N n P n Asi-n-n (0<x, 0 
gy, 0^z, 0<x + y+zgl s 0<m % 0^n % 
0<m+n^l*^tf) «©fi8Siafii:bTH:^ 500 
•C7J51 2 3 0'C©IEHF , 3t$.S©-C\ 5 0 0*CiD4) 

«fiT*-aTja*t»fcpae*©»&*ifcv«flw 
i 2 3 o-cj; d tKatft-stJi^isaon&n 

[0 1 0 9] Sfc, #jOBB»©Mapcg©£j«S:lcH 
UTttHl 1~I31 4t*»^UfciiDf feSo 
[0 110] W*>, *IUE^S§tc«tn«, BSJP©lirt^ 

tscktftsa. sfe, *^sfi^9ii±, effete it^> 

^i?©fiES^«c#^4«'>«:^©7?s fig^S (run to r 
un) t^ltSS^Ott^-O^Sr^titW^-e^H 

[0 111] *fc, *^6SJ&SII±, (fefeCJt^ PSE 
i»JiC*tf*7^tr^iMt©rt*a«tfE#ttft*Blc 
afc#T-§S©T\ ^xyNSrt-^fiSiSS (run to run) © 
7 , **7*»K©tt&"3Sfcfi&l"CS, BSltt* 

[0112] ^xte^asttx «e*Kiit^ 

Aiit:fflV^S G a A 1 NB©A 1 fflja«-#ft*IIKak<S 
5. 

[0 1 1 3] *fc£6C, **!t»<8tt» tSe*Cit^ 
fig^iaS* 4 0 ~ 6 0 -CgSfelST^ H S CI i: A S T- £ 
5. IH^s fiiBiaR©InGaN3R?SfflBH:, » 
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■shim***. *%ffli$8rctt> jftjtsKSffiT 
[0114] o& 2 ©sias^s) xftwam 2 © 

[0 1 1 5] B91 5liC©#&#U-tf©fc&&jj*-r»r 

±Cs ^»>77l3 2, nSGaN/133, niMG 
a NSJSaXS 3 4, G a NJf 35, $M^P«jB 

(MQW) ©J5£JfSUs£3 6, GaNI3 7, p3!Al 
GaNmffiaJUf 3 8#Jfcfi£<!fnT^£. 

[0 116] nSAlGaNm«ESEAJi3 47i 

SpMA 1 G a N«S&&AJf 3 8 1±, ilSffiStOG a NJf 
3 9SfflV)Sfflii*^-9-flljiifeUfcy7 r ;P^Dfllii& 

[0 117] S&K, pSA 1 GaNS%SA13 8JK 
uraJgtrSOGaNJf 3 9©±fcfci:, pSGaNJ14 0S 
VpiGaN3>^^ hJ§4 1 #Bfi!l£*i-C05. 

[0 118] pSGaN3>^^M4 1±ttt, p<W 
MM4 31fiBl&2tlXi,\Z>. :n*^>£ r 3¥£«fc»)-g|W 
Sf±J$n&n3JGaNJi3 3±£fcJU n{Mm«S4 2#ff2 

[0 119] W±©«ta«C^«i:U-1f©S!lii^ 
JfeStWJB to \,^XWIW? 5 . 

[0 12 0] it, t7 7-f7S«i3 1tt, 
V&K.fcoTifc&£;h,fc&, M0CVD&g©AQ&nJg6 

mM-zmztiteifib. ig&i 2 o o o c-e*«j 1 o#h, -y- 

&5 5 0Xl£XmU£tl* WtJ TW&Z 1±CM»; 
7713 2*5ffJJ5g$n5. ifctigfitfl 1 0 0*C£T#^ 
S£ft, 1 5 L/£\ g|fi#5L/fl\ TMGjb* 

100cc/^ Tl/^-Tifi 1 OL/fc 2/5>#5 
cc/«-©8!iMT-tn-etl^li^raat$tLt, hlGa 
N®3 3#ifft2#m©JP£CJf$j$;;iFft5o 

[0121] cnt, iaasi 1 oo-cT-s^Lfctt® 

T% TMA5 0cc/»©«iS*ifi<J15^HiQ^SC:i: 
tC«fcoT niA 1 G a NSiSEi£AS 3 4^5 0 0nm 

coff*t^rii*n&a,. M/«TMA©«i&iJf?±^n, 

til 1 0 #ra©{ft£TG a Nil 3 5 &$) 2 0 0 nm©J?£ 

[0 12 2] TMG©«&;W?ih3fts Sffii&fi 

7 8 0°C£Xffi&£ftZo Z<DiSJ&X\ TMGtflO 
cc/», T>^—7t i 1 0 L/^h 2klR)b J 3 0co/ 
*K §^^19. 7L/#«E£tu .I©*ICTMIj!>« 
llSiS lTb'c c/#i: 1 5 c c/ftt<D®.&£X$i 1 . 
50-T-O2 0\Bl®*)&LV)>)Wz.<btiX&£:i?n, 
tc 1 5 c c/#T-3#fSB«$&£ft5Cfc£J;!K ^SS 



^#Fflfjg (MQW) ©fStt®^3 6ASffJj5g^n-5, 

[0123] 7k^* s 4 0cc/^ N mmn 9. 

9 6 L/#, T>^=.7ifi 1 0 L/»©«Eft?ifcScftfc 
1 1 0 0 o CSf4^KA»ltT»ig^n5. #Sf$ 
©gfflSWTkfS T- S> 5 i: «&Jf sa^tf^ v > * $ ft 5 
©•Cs £©518T-©gffljaligfrc-fc*£i:#SI3;L 

[0 12 4] fiKtfl 1 0 0*CT'fiU$;**U im 
#5.0.0 cc/fl\ g?8i*l 4..5L/fl\ TMGA J 1 

0 0 c c/^ . T^^-TAs 1 0. L/fl\ C p 2 M g # 
5,0 c c/^-©giifiT^ 1 0 ftm&l&Z tlXs GaNl 
3 7*jtt 2 0 0 nm©@$T-JKfiR$ n-5o 

[o"i 2 5] ^ni;TMA<jJ5 o c c/ft(om.m.xm 1 
5^raAp^e>n5c ioTpSA 1 GaNtaax 

S3 8#ffj5 0 0nm©^E$k:^fiJt$n5. fcSU ± 
I3pMS^Bfi8-T5l®©W«l^l^©^r-V U T'tf*!* 
d©ttS§T!^®*-e^SU M0CVD8 
«*»6JRDflJU Jl»©fftCVD&BrtT-3?Bit;:»I2 0 

/zm©s i o 2 mmmzm, art, >>ain-&R i 

Egg|*|£g£, gflPgU#BCl3 ^CtoT^tJ-fll 

>>rc/\-fcl:ffVM O C V D&ai*l©tf-fe 7"^ -±£«S1 
M^30 L/^-O^T- 110 O'C&Xfti&Zh 

5. 

[0126] ig/JE 1 1 0 0*Cf, 7XIS* J 500c 
c/:0\ MfftAU 4. 5L/d, TMGtflOOcc/ 
7 S^-Ti* 1 0 L/fc D M Z (^ ^l/i; > 
& 5 0 'e'c/^OittTtt 1 RFHtt*&*n, iSG 
a NJf 3 9C«fcDnl«AlGaNS8EiiAJf 3 44»6.p 
MA 1 G a N«8iii£AS 3 8 &XWM&mmk. $tlSo 
Cl©<t-5«;i^GaN/i©JfM^ *Hffi5ff$<ST-H:^-y- 
i<j/^>^&©jfca^MLfc#, 

tTkts^s?!^ if s -f ^- 5 c t c «t oTf^si-r 

5£fct>qjBBT?fe5. ^lAtt, 7k5Stl±2 0 0keV, 

1 X 1 0 14 c m-2©aX7?HS-r5 ^ § S. 

[0127] acc, iasAu i oo'cr-^^tifc* 

2kfSA J 3 OL/a-OWlflMSfU PiAlGa 
NmSitaAJi3 8±t^T^5Si0 2 

[0 12 8] S/545 1 1 0 0"C-eft8£ftfc$ 

jRtf 5'0 0 c c/A-x SJlt^l 4. 5L/:fl\ TMG# 
1 0 0 c c/^, T'V^-TA 1 1 0 L/^ C P2 Mg 
*s5 0cc/^©S(iaT-^2 7^-Ktt*&?nT, pSG 
aNS4 0A 5 $tj9 0 0 nm©JP£CffM£iT-S<> 

c» cp2 Mgi'i 5 o c c/frtmm&mimzti. 3 

^HK^ftSCtCt^T, pSGaN14 1 36«J»* 
1 0 0nm-C-ff£/#£*l5o ^©^ttSM&^©^li 

*^Si:-e-rtpii^i£«3iT-Sfco ^ e>tc ctie 

©14 0SV4 1 SjsUI-f SPSKfci:, 3xl0l6cn»-3 



[0 1 2 9] TMG&tfCp2 Mg©0y&#f?iL 

<**u rajufcps&s-ctt&sns. fc*=u 110 

0'C*>6 3 5 O'CST-fctzklSSS 0 O cc/dv SI 1 
4 . 5 L/fl\ 7>*-7 1 0 L/#tf§ I 
"fttttt* 3 5 0"CT?:P>^-7®e«&##lt£fta. 
[0 13 0] Cl©«ta{3bTffM^nfcU— !ffl!3£*s 

MocvD^a*e>iXDaiu ji«©as^sat^^ 

•y^ttftifftfflV^T, nSGaNJ13 3fc**UOfc> P 
t (JP£5 0nm) % Ni (JP£5 0nm) , Au (J| 
3.2/im). &d ©JIT-JIM U A»3te*-5y*l«ll* 
fcOn(B!lSfi&4 2i;Lfc. -;€k pfGaN141f, 

MIC P d (J3£ 2 0 nm) , T i (J?«* 3. 0 n, 
m) , P t (J?* 2 0 nm) , A u ! (ff $ 2 /zm)- SJfc 

b&u g^+soo-c, mmvmimzm-rcDiiz*. 

»K 7x 1 0-3Qcm2 *§&©*— *y*£pWm«S4 
CftfcfcinLfc&JISfc, Al, So, Mg, Si, Cr 
[0 13 1] act:, £©u— vm&&&&mfre>Xi'7 

4. 7Vr-L§V>«SftaBStt3kA/cm2 -Cfcofe. 

[0132] ±ieLfeJ;-5u:B2ollfi!yf^t«tn«s 

[oi33] 2 <Dmmfcm<Dmmt utbu 

20©pSGaN14 0, 4 1 ft)g|A'|-«ttCD^^ U 

*>©#*& 5o BP^s 
^UfefiRSIfefftCliSV^ TJf©p3»GaNJi4 0© 
flMB$£fcJ:, ^+vU7^tt7k38©**i:U S±® 
©pSGaNJf 4 l©ffM*3C, ±*t'J7Wt« 
fc1j!ID»^ ^©plGaN14 l<£Jf$fifcl/ 

[ 0 1 3 4 ] 3I£I±, TH© p SJG a NJI 4 0 ©i&fiKBS 
£Mg#S&ft#nfc<-t*K S±i®pSGaN14 
l<DMi$M^ /fcHiSfitf 1 1 0 O-Ck.nun&ZTc 
tb, S5ll©fSW!aa«I«tfT@©pSGaN^4 0lC<f 
ffl-f5*©fcffiSiJ^nS 0 &4b\ ±fOpSGaN14 

[0135] (83 ©gflB&JB) *&H0« 3 © 

[0 13 6] 01 6ISC©^y^2|--h-©fllii«:^1" 
SriBBr?fe£. iO**^*-m, nSi©2HSIS 
i CSfc5 1 S^UT*t), S«5 l±£GaN£:S i 
Ciitfl : QX-fe&Ltzm&mS 2tf«ritS*U ?S£J1 
5 2±Kn®GaNJf5 3, nSInOaNftAM5 



• i 

4, p£GaNA5 5£S£®ffiTWB$n-Ct*3. 
Sftft F-/1>M±„ n.S!G. aNJS5 3A S S i, pIG 
aN15 5tfMgffeS. jiffl .1 n.G aNl 5 4 £ pS 
G a N/1 .5 .5 J**#©*±*+ «J £* UTji* Pfl! 

@.mZtU P S K-^> b t LT#^M 

n«. fcfcv ttMM gJIi#4©** U T^CHakJIStfte 

[0 137]— n§UnGaNJi5 4i:p§JGaN 
Jl 5 5 U*©JI©JftAtir£ti:±** U 7X7. £ UT7jc^ 
tffiW$n5. pSSVnStGaN®5 5, 5 
U7 , iaKttV%m i fe 2X1 0l8cra-3;Cfc3. 

[0 13 8] Si.CSK6 lKI£nfl*ffi5 6tf 

*&***U pSGaNJf5 5£fctpfl!)S8B5 7jWBj*S 

[0 13 9] £©«£?£ LT?#6*ifc£J§jyi£n;RVp 

ttaftJiMu-rx iByfiy-f^- h-sftasiufci:;:^ fill 

[0 14 0] (^4©||«ygS§) *^©^4© 

Mr*, 

[0 14 1] BP^, 43KIB£ffiet> RWJ©JB*S (« 1 

SZlfctCit), pMAlGaNlSaA118fiVpS 
GaNn^i'H 1 9»£-f ■St.OT-ifcSo 

[0142] mtmM*mz.t£s mmm®^ GaN^ 

t>&m&V)t)®Z.<?tlZ£Pi{Z s TMG, TMASlFi 

ne>MJi4^©+-v vriS7.£ bt©*^^x©tt$&^ 

[0 14 3] i^V^x ±IB©V^tl)b>©^ifeK:«t5, 

I^S-rs> NH 3 *«*&bo^{tS«:if©^aT% Stfi 
±lCS6C^Ufefi£SJi4>6©Ga, In, N^©«?^ 

[0144] act, sis^s^iai^^^^-^fi 

[0 14 5] dCT\ filSarttfMEbfc r^XTflFC 
«t»3> pSAlGaNSSSaAJll 8MpSGaNn 

[0146] wTx B»#^©flttetfff±*n, stss 

[0 14 7] &*5s WT©mfiijfMxg>iiriimiinfc[B] 
[0 14 8] ^©Wfe¥^(*l^— f«±v «3 0mAfc^ 



(13) 



[0 14 9] ±jjEbfc«t-5t^4CD^S(5Bfl8CJ;nK, 

a©*M hfc:A!)^<fc5c:i:£«fc!K jftl<DXnH$& 
fcnmLt©&S£f#S£fc#-C£fc. 

[0150] *fc> m&m&mffi?<D&*iiK.&*)s t> 

JSft{b$tfJ:>)ft±U £ 5 ££H=ixh 

[0151] &*5, ror rm&x?<Dm-m%K.-rz 

di:£«fc!K Ga (Al) N©-y->f h©£?L 

##<3&£U d©N©tM M3MgA*A-=>T^tS14fb 

KfciiUi, gt8X5X^&fflwn^©TN Ga (A 
1) NK*JltSNO-b--< hO^?Li s Ji'>U Mg#Ga 

[0 15 2] *HSfgff^SII±x ^2©HJ(iff^K:^ 

^pSGaNi4o, 41, ^z<Dmimm^t>^ 

Cine.pSGaN@4 0, 4 1, 5 5&X5XV& 
ffl^Tf/fiU*, *HSfSBSIi:l5MiK:Mg©^b* 

SirTXTs i^iSX^Xv, v-f ^D&X^Xv© 

[0 15 3] (^5©HS(gff^) feUttt, In^ift 
^p2JGaN2M^f*Jf £®lifc©:3>**>Jffc/^ 
fc»^*5iaBBIBrt*t>fc. Sf§5~Sg9©!<iJf& 
mmtVX. InS^trGaNJ^igf* (In x Al y 
Ga z Bi-x-y-z N m P n Asi- m -n (0<x, 0^ 
y, 0^z, 0<x + y+z^l, 0<m, 0^n, 0 
<m+n^l&^ir) ) MteWmiKDi bJIKffl 

[0 15 4] 01 7li#&<U!©&5©^SfiffJSKmb5 

C, nlGaN (In x Aly Gai- x - y NCtx = y 
= 0) Jf 62, pSGaNJf 63, pSInGaN (I 
n x Aly Gai-x-y NCT, 0<x<l, 0 = y) Jf 
6 4* s l«&ffM£ftTV>5<, , d©flS3££:.fc*U;£, 
pSGaNI6 3£nHGaNJ16 2fcTJpn»d*«# 

[ o iT 5 ] (&££fa©^$>e%iia&#ft) 0 1 7 
-r^^ifijitov^T, 01 8 (a) c^-r«t-5t, s 



ym (H) ©S-MWMffcBUfc. tttt©fc«> 

*&BJi$j£A>e>pIUnGaNJf 6 4£^Lfcft 
*f85ifcovvtfc01 8 (b) K^iT.koK, gH£#|S] 

[ 0 1 5 6 ] ^©iBSS, ffi0A»6foA»3«fc-5£, pSG 
&NI6 3MpSI nGaN16 4©pJf©Mgigg: 
A«5x 1 0l9cm-3®t$, tfcsfe (MS) ffiiit3«tSp 
SGaNJl©7.1c3Si&K#8 x 1 0l9cm-3-?&5CD£*r 
U pMInGaN16 4Sl5pSGa 

NH6 3©PoJf©zlCj8i&KB:6 x 1 0l9cm-3f*S. 
£©<Kfct, 6£*©p§9GaNJi©f8J|&, S^*-C7 5 

o°ct- 3 <y#m<Dmm&toztz'&<D7mwi&.tizim 
— fin?&2>. 

[0 15 7] 0^l±Lfc^4 t , pIInGaNI 

6 4 fcfc, gffitt-jffi©®#Sjl&tf 5X10 18 cm-3ttTT" 
D , &®tt;E©M&ig&# 5 x 1 0 19 c m-3jilTT-fe 
oT, *4&SsHit>>e> 1 0 0 nmtl±g!IV^aA>€)Stg 
ffiflKlqlttT 3~ 1 0 x 1 0l7cm-3©i6Hrt-r*l»S19— fc 

ifiiafc&^TV^o S&fc©p3!GaNjafct, Si® 

ttig©B?jsias, «®(t3E©j^aa«t, 1 «w 

[0 15 8] (C-V$JJ£) 01 9liW±©S IMS& 

S&ffid^bfc^^^EIT-SS. *^ffli§©pSI 
nGaN§6 4fctgfH'J ^©^fflSTCfiBft-rSfci*, 
as gr ownTfc{£ffifni©p3!ijf 2:&3<> Z.<Dh£ 
©pg?GaN®6 3tt, 0m _ f3«fc-3£, as gro 
wnT-(gJ£in;©pl!iJi£&!), *©<! (5. 4xiol8 
cm-3) J±, fife3t5ffiji©pMGaNS (as grow 
nt ttitSffiJn;) ©J5&JI&, ^iS^ffl^T-^WQS^t^ 

snattkKJswn^ int., i n*£tr*»WB-ca 

5pl I nG aNl 6 4 SJJt«ifeOf, TlOp 
MGaNf6 3 4wD;dC3fc©:&!3&*ft##P$U£ax, M 
g©f5^bd J {S5i^n3 fcfi^ftS. 

[0159] (mmSSL) 017 l3*-r#$£W«S 

jttt, 02 0l3^"TJ:-5t:> plil nGaNJ16 4Cf^ 
^.•C, nSJInGaN (In x Aly Gai- x - y NtT 
0<x<l, 0 = y) J16 5S:ll±^t(i^T*«t^. 

[0 16 0] *^fllStt. pSGaNl 6 3 i: 

p^InGaNI6 4®HC, pSInGaN164i 
t) i> I n©fig^-lt©fat\pSJ I nG aNB£tf-2E£i2-T 

[0161] * fc, 0 21 IZtv-T «t -5 7 > H - X i 
SInGa.NJi6 6 &^3lt^T•pS^G aNf 6 3 t niG 
aNI6 2fcT*p i nJg££JFML.T*>«fc^.> 
tt, P n^Xttpin}gA©V^rn^iSfflU-Ct)i 

[0 16 2] Sfc, 02 2t^f J;ot, 81*7*° 
2/©aSC^©fe«), nSGaNjge 2 fcit^T'.'f 7»Slfi6 



(14) 



- S*GaNJi7 2£J&j£LT*>«fc^. £e>£> 7>H- 
7*iSlnGaN@6 6CDT®HnSAlGaN17 3 
fcJfcfiKU 7>l«-^iSai nGaNI6 efflJJCp 
SIA10aNJi7 4ftJBrtU ClftfciiiaA 1 Ga.N*7 
v KJB7 3, 7 4i:7>b'-7'i®InGaNS6 6i: 

[0163] (* 6 0&MUg») EI2 3fct#&BJ§©86 

7>K-:/GaNTifeJ18 2, nSGaN3>^^ 
hJg8 3, 7>h*-7'InGaNtSttJi8 42iVpSG 
aN««H£AJB8 5tfJH8a!^S*LT^*. . 
[016 4] pgJGaNm«ESL?Ji8 5±£fct, 

4H&© nSJG a NSSIHfcspJJf 8 6 jWHRftCJBdtSn? 
US. *fc, p£iGaN©i«H£AJf 8 5±SVnSGa 
Nm«£jft9pJ18 6±tU±, pSI nGaNa^f hJi 
8 7#ffM$ft-CV>5. 

[0 16 5] tt±©J:5fc«*R8WISft#** 

5. 

[0 16 6] £©a<bttffi*Wfc)R?fct, E24 (a) 

c^-r«t-5c, iis]a©MocvDfiRSK«t!K ^7 

4:rJt4K8 1±C, 7>h'-7'OaN@8 2 > nIGa 
NJg8 3 % T>h*-rGaN?SteJ18 4, pSGaNB 
ffi&lM 8 5, nlG a NttttftWI 8 6 #|r|-^ V > 

vt-rtTau»wt:»fli*nTv^*, 024 

(b) CijVf.fc5fc:, nSJGaN^ifiafcsgJf 8 6j& s S5£- 
Wtri^^^^i^ns. L*»S&> 1212 4 (c) t 

^■riat, 2iiioMocvDfiafi (ms) t«t 

D, pSInGaN3^^ hjf 8 7 ft 3. 

[0 16 7]£:fc, pSH-M>M:lt MgXttZn 

[0 16 8] tt±©MB#«tCJ;afc, IMUlfciDJB 
$£ftfcp3«InGaN=i>** bJf 8 7Bu ffi£B]& 

<gffiin;©pSiJii:*So 

[0 16 9] i&, l@Bejaft£ttfep£lGaNtt& 

i£\J18 5©-5^ ±®©nSGaNSii!t^D-v^Ji8 

*»**«3 x i oi8cm-3©pfflfcaaftirc»-3fc (s, 

IMS #flr ©*£** M gi&Ktt 2 x 1 0 1.9 c m-3-C- fe =* 

fc) . 

[0 17 0] -75, pg!GaNSifci£AJf 8 5©-5t>, 
nSGaNffiSK^D y *J18 6T«tonfc«MHI:flrtft 

[0 17 1] ±iEUtJ:oC*IISt5JB?gtC«ttltf, Sfifc 
ftfcAtK p3UInGaN:J>** Mf 8 7£ff2fi£-f5 



[ 0 1 7 .2 ] (gff£f?ffi£) *§SS£ff^©flf jlli, 
02 5KijVr«t-5£> D-yrJTmSiB It, 7>Y- 
T/GaNTifclia 2i:©IS£ N GaN^777i8 2a 
tttf?T«£V^ 0 2 5Cifx-f <fc?£s 7">h*- 

7 , InGaNrSffi®8 4fcnSGaN3>^^ h®8 3 
i:©IB£, nlA lGaNSSfciiA® 9 1 tttBOfi tPk 
pfflGaN«ft&AJi8 5K:fW.T, pMAlGa 
Nli£A@9 5feflM.T*J:H. &tc, pSGaNi 
»E&AJf 8 5^B:plAlGaNt%iAi9 5©WT 
ft-C fe> nlG a NWffiftVMi 8 6XttnSInGaN 

[0173] (Sg7©20fSJ&S§) H2 6tt*«WeD*7 

EI2 4 (a) - (c) 5 kB-tf^-fctt 

7^7X468 1±(Z, GaN^-y77l8 2a, 7>K 
— rGaNTi&Ji8 2 % nSGaN3^i'M8 3, 
n3!AlGaNg«ti£AJ19 U T> K-T'GaNM. 
FJ19 2, MQWttaOT^Kr-yAlOaNSttJig 
-3v pSGaN^h'19 4, pSiA 1 G aN«8ti£A 
Jf9 5> pSGaNSgK&AJf 8 5#m#yfM£ftT^ 
5. 

[0 17 4] pSGaNm5!Ej£A^8 5±CI± N nSG 
aNt»»9M8 6i j atR«JtUBBg$ntV>S. 
plGa NSMaAB 8 5 ±&VC nSGa Nttitiftsp 
B8 6±ttt, p3UnGaNn>** hJ18 7)WBrit 
SftTV^o 

[0175] pSI nGaNn^i' hJg8 7±£l±p 

«*B'9 7jWBja*ivtv»s. x.99->r*Hzx.t>-a 

#giii#ft&ii3lGaN:J>** Ml 8 3±(Cttnffll«| 

[0 17 6] w±©*3ttWf*u-tr<DMSKr 

[0 1 7 7] 1212 7 (a) CijVr .fcdfc:, *7r-f T& 
&8 1©±£, M0CVD8;K<fc»K 5 0nmJP©7> 
P-rOaN (In x Al y Gai-x-y NT*x = y = 

0) ^9»77l8 2a, 2jumJW>7>F-7 r GaNT 
^88 2, 4/zmJP©nSiGaN3>^^ hJ18 3, 

0. 3^mJP©nSAl q Gai- q N(0^q^l)S 
9ti&Jt9 1s 0. l/zmH07>H-7'GaN^h* 
J19 2, In x Ga y Ali- X _ y N*6tt*IKH-BW 

GaNfSf±H9 3, 0. 1 ^m*©pSG aN*W KJB 
94, 0. 3>umJP©pSiAl q Gai- q N (Ogql 

1) m»ftriA®9 5, 0. 5/zmif©pSiGaNSflit?± 
A/185; l^mJP©nSiGaN (Al q Gai-q NT* 
q=0) ftSK9lspJ|8 6i s ji*7gfi2^^«t DJBJ«*ft*. 

[0 17 8] nSa©T«l**flEtt*^S'5> (S 



(15) 



iH 4 ) ©^ActtK xanmtstn. mm^, ps 
(cp 2 Mg) mmuixt), xssmati&. 

[0 17 9] 02 7 (b) t^tiot, nlG 

Hi<* •& 5 «t 0 KgB#ltt £ nS G aN«fliEJfci£JI 8 6 im 
[0 18 0] pSGaNSMaJUf 8 ; 5±3£ZR: 

niGa Nmmm^m a eictk 027(c) t^-r 

. «fc o £ v MO C VDffiC«fc D\ . _ 1 . ' 5 unmtipMI n" "* 
G a N .( I n x A l y G a i- x - y ,NfcT* .0 <x.S 0 . 
3, y=0) h@8 7^jf^n5. a .c:cDi: 

* v fiR«iaS{±7 5 0*C~ 1 l 0 O^fc U. JSM4#*©. 

[0 1*8 1'] C£TN f#£ftfc*i>^B:MOCVD*Pj!>> 
ZtU 02 8 (a) fc7jVr.fc?£, n§«GaNn>** 

[0 18 2] -y-7r'fraffi8 lfct, GaNS* 
igttJi 8 2 a~ 9 5 Lfc<BSfc£*NJI!l©a©5ffgf? 
1 0 0^mg^CDi?$HffM*nS. 

[0 1 8 3] 028 (b) t3ijVrJ;-5Cs nSGaNn 
h®8 3±£0!l;U:fTi-Au3?©&JgK.fc5n 
fl«mfiI9 6#ff^£ft5. LfrSgL 77^OSi0 2 . 
3FA s |St!*£tl, 02 8 (c) KijVr«fcdfc, jpJglnG 
aN3^.i/M8 7 ±t«a|^.lf P t , . T i/A u v N 
it?i»6&Spfla®Bi9 7jWBrtUrft* v 

[0 18 4]%*,% ddt* plInGaN3^i?h 
JI8 7tt, 3j®8SSiS&#5 x 1 0l8cm-3jaT"Cfe 

o > mw&tmmg.& sxio^c m-hxTxt* k> , <m 

[0 1.8 5] ^©.fcdKffe.ftfcSxMH:;**^ 7^ 

skhzj&^-wt, £»©?•*:/£*#£. -edbtcine 

ftqg® G a 1/ -If tf5&#;* Jt« „ 
[0186] Cl©^*^— :!fte* $Btt$g4 0 0 nm 

tzo 

[0 18 7] ±ieufe«t-5{3*iissffjsstj:n«s tfc* 

fUJEJKJgfCfcnw:, ^©ffi^^^^W&IIKJja 

< b * mm a -e- 5 £ t # t- t 5 . 

[0 18 8] £^>X, *KWfcttllMM«a»M<fcSfc 



a jR?»tt©ttT Sffl < RH ft'»*-r s c: k *«t * a . 

[0 18 9] m®OS?^iaffi> ^jgfiS:(Si®T- 

§ £©Tn iB*aft"C A»&*- 4 v i> n >? h *m 

[0190] pMH-^>hCD|l^ (Mg 

30 x pIInGaN3>^^M8 7.0lf (50n 
m~l 5.0 Onm) I n©J5R#tfcx (0<xg0. 
3) * >J7'*^©aBBl {TmiiX^T^-TZS; 

tsmmxzs mswxfrhttL*** u 7^) sims 

(SIS^ : 2k9K^= 5 ~ 2 0 0 0 : 1 ) &if#3Hi!J 

[0191] (SJfJfllfig) *t*,\ *^©^7©HJEff$ 
Sil±> 02 9C^f J;-5Ks 10B©fi2St:*)lt5pM 

GaNmssaAS8 5^@Bs$nfcfil3g.•et»A^^. ^© 

2 0g©j5£J|fc<fc!)ffM;*ft3Jitt, 03 OCm 
•Ti-St:, pSGaN185afcpSInGaN3>^ 
* hJf 8 7 fc© 2@fl!jgT;&^T*»&l\. 
[0 19 2] (m8©|ISEffJS§) *C *^©^8© 

mmmz&toz^iz&xs-if^^xmMirh. 

[0 19 3] 03 lttc:©iM?teU— !f©llSfl<]&fllfi!(, 

&m-riSrM0-efc , 0 2 3 tpi-gu^t ttra-??^* 

K-7'GaNT*i8 2, nSGaN3>^^H8 
3 % 7>K-7*InGaNS{4a8 4MplGaNf 

iftaA® 8 5 wmmmztix^Zo 

[0 19 4] pMGaNS«EaA®8 5tt, mtR^v* 
>if££b*)vi;mM£tlX^Zo *fc> plGaN 
mfa&X® 8 5 tt, y v J?fiWUDffl»±t:«»© nS I ■ 
n G a NS&fen&ttJI 9 8 jWWW5t«**nT 
S. pSGaNMaA18 5ffl'J -ryiMn 

fflInGaN#HB&»S9 8±Ctt, pMInGaNn 

[0195] «i±©j:5«tH*fW*§a«aft# 

[0 19 6] C©***l/-Vtt, 03 2 (a) Cfl%r 
•tdt, l|g]ga>/ftftlC£!>t -9-77-fTSffi8 1± 

7>K-7GaNI8 2, nSGaN@83, T> 
K-/OaNStti8 4, p3SOaNJB8 54«B-^V 

032 (b) 

C^-fidt, p!GaN18 SW0tfmiZ3Li>9->r 
»**n"C'Js»ytf»J«*il*. 03 2 (c) £ 

5Vf.fc.-5K* i©U y^±KttS i 02 «f©v^^99 



(16) 



(2[5]g©fiWI) fc«fc!)s S i02 S?©v;**9 9J^ 
CDp3IGaNJf8 5±twj8iRj&&£ft3. V* 
*9 9tfBfo&£*u 3lHliffl^t:J:Dx 1213 2 (d) 
C^-fct^t:, pgUnGaNJf 8 7#pSiGaN/18 
5 O U » y±SU c naa I n G a N® 9 8 ±f3B&£ Jl 

[0 19 7] W±©«fc5fcJ3W*«^fi§£i:l/t*N 
«atSfesg1gjStPIfi|{3pSInGaNn>^^ Mi8 7 

-x»ji7-3^z>7 h*f§e.nsfctt), MM4oon 
m t t<a u $ ^«rc»»r s Aff awt* » set 

[0 19 8] (£ffa8fi£) fc*>\ *£fflSgft<Z>W&tt, 
03 3CjjVJ*J:-3C» t77-f7SS8 1J:, 7>K- 
-/GaNTJfcJf 8 2 fc©W£, GaN^!y77l8 2a 

ft»o-T*j;v^ 03 3K^-r«tac, 7>F- 

n nGaNfSf4J18 4 fcnSGaNa>^f bJf 8 3 
k©IBC, nlA 1 G aNSSitffiAB 9 1 fcRttft fc» 
(C, pSGaNtiaAi8 5tftAT> pSAlGa 

NragAJi 9 5 ttmax t> j-.**. 

[0 19 9] ifc, plA 1 G a NSJflE&AJl 9 5 
*fcl§£> nfiInQaN*B&*Wi9 8Cft*.T, n 

fin, Gai- X N (O^x^l) ftn&ttJI 9 8 fc* 
IVC* In<DfiE^-ifcxS0i:UT4)<tV^ tt*5, n§3G 
aN*ttflHi"1\ pSA16aNl^A19 5l:nl 
I n G a NjfeEK&ttJI 9 8 fcffl^T *A^£ fcttV'* 5 * 

[0 2 00] (SB9CD90K^]B) H 3 4 j8 9 

oMi0^c»toa*^i/-if©*aft»-rtffHia'c 

fct)> 03 2 (a) - (d) &V03 3 fcPI-StfHrfct 

r-f T'&ffiS l±fc, GaNyt977l8 2a, T>H 
-:/GaNTWf8 2 > nSGaN3^f hJf 8 3, 
nMAlGaNa%SA19 1, 7> H-7'GaN^-f 
PJH9 2, MQWffijg©7>F-7'InGaN*SftJf 9 
3, pIGaN^-f b-19 4MpSAlGaN««a 
All 9 5 *Vt^ So 

[0 2 0 l] .pMAlGaNmaiti£AJf 9 5±te3iRx 
v^>yjc«tt) 'J vVtM&iStiX^*. pIAlGa 
N«»E?±AJf 9 5 fct, 'J v yjjWMO«B»±Ct»R<0 nS 
I nGaN«ibbni&»J|9 8^SIRfl«lE:)gA$nTV^ 
5. * fc, pIAlGa NmfflilM 9 5 © U v V±R 
VnlInGaN^aK)i9 8±Ctt« pSInGa 
N3>** h®8 7A J JfM$n-C^5. 

[0 2 0 2] pSInGaN3>^^ h!8 7±{3lip 
tim®9 7#Bfi£;*ft-C^a. :n-j/?->^3?tC«£ 0-65 
#gm-*ftfcnSGaN:3>** hJf 8 3±£ttnWK 
&9 6#JBfiK£ft-CV>5. 



[0 2 0 3] ifelC, Jit±©«t-5^^i*U--»fOS|j§^ 

[0 2 0 41 JftiEBKCiaaS (a) tc^-T^-pt:, ir 
77"f 7£fg8 1©±£, MOCVD{£t«tf), 50n 
mJ5©7 7 > F-7GaN (In x Al y Gai- x - y NT* 
x = y=0) /iy77M8 2 a\ 2 /zmJP©:P> F-7 
GaNTJfcJf 8 2V 4>umi?©nSGaN--i>^i7 Ml 
83, 0. 3/zmJSCDngJAlq Gai- q N (Ogqg 
1) «&S?£AJf9 1, 0. l/zmJ?©7>K-:/GaN 
#-fFS9 2, In x Ga y Al-- x - y N*>6fc58£ft 

InGaN«HtJi9 3, 0. 1 /zmi?OpMG a N^-f 
WB9 4,'.0. 3/umHOpSAl, Ga H N (Og 

q^D ^«t&AJi9 5*ijs^st«t»)Bfi8$ns. 

[0 2 0 5] 03 5 (b) t^-r±-5K:, pSA 

lq Gai-q N (O^q^l) m»ti£AJI 9 5 ±C S i 
O2 H 9 $m<D*9--=-''s?#XF-?**l/VifiMZti, 
oi.y^-i/^C.tDpMAlq Gai-q N (0gq| 

i ) mssL^AB 9 5 &mwbVL&$> $-c-K5*$nT >; » 

[0 2 0 6] SE^Tx 03 5 (c) t^-Tid^s 
ffcgCfcbpSiAlq Gai- q N (Ogq^l) 
AJf 9 5 © U v yi^CS^it nS I n x G a i- x N 

(Ogxgl) 7fc^iitf>J19 8#2@g©|fcg{c:,fc!>Jfc 

[0 2 0 7] pgiAlGaN^ifc&AJf 9 5©U 

5o MOCVDi£tC«fc!K 03 6 (a) CjjVT 

«fc-5£x pSA 1 G a NliftAi 9 5 O 'J y ^JJIV 
^©W<l©nSInGaN3feiS&»J19 8±K, Um 
J9©p3i©I nGaN ( I n x Al y G.ai_ x - y N> 0 
<xg0. 3, y = 0) Jf8 7#JfM£ftSo tt.&t&m 
|q]«fc:, d©i:§©J&aiS&fct:7 5.0*C~1 0 0 0"Ch 

[0 2 0 8] WTmiEPI^t, d©«7xyNtt % 03 6 
(b) t^-T-tdKlx IS?WCnSGaN-]>i'^H 

8 3*fii-rsia?$*txy^->^*n*:^ -y-^r^ 

ltwmZflzH*) 1 0 0^mgfi©l?^Jc:}f$fia 

[0 2 0 9] 03 6 (c) tw^-r«tdt, 

nMGaN3>*^ 8 3±{3nfflllll28 9 6A J ffM^ 
tl, pSI nGaNn>^^ hJ18 7±lCp{H!imfiS9 7 

#BfiK£ft5. ft*, &m8i9 6, 9 nm&mma® 
[0 2i o] mmtt7c.T'&(D'} x.;\&, m&mfflz, ^ 

|-tF/f^©^7-A (7'ft-7l/-A) (CV->>h^tl, 
G a n m U -If CADX $ n S o 



(17) 



[0 2 11] i©'*mw*l/— ytt, ftOiEISWitCpSJIn 
G a Nn * h Jl 8 7 <&B*'9U£&tf <Bltt*iU&-e 

[0212] ±mLtz^tz^gmmmnx\i, sg7 

©*«BB«ffl«l*fclflit, pSM'q' Gai-q N. (0^ 
qSDi95©i;-yj;»i:Uiy ?fift£lft©Kftfl3 C 
fcifc nIOIn x Gai-j N (O^xgl) J19 8© 
^> K** W^x^Udp-ftT^ K-3^I nOaNiStt 
Jl 9 3 ©M> V » 7x*;i/¥- J: t) /J\* < «fc "5 

[0 2 13] (|gl 6©£ffiJBft).HU HI 5 % HI 

(MOCVD) iSK«fc») N 7y*-TiSX (NH 3 ) % 
*«bfe/SM*4 (TMG, TMA, TMI) „ MK-X 
>MH» (Cp 2 Mg, SiH 4 ) Sl^TMtS. 
fflU pJM^I***Jl©*». JUfcnllfi***-*-* 
Jl £#trfS?ffl#JlJBfc£.T©Jl 
t'J7^*, CO, CO2 ©ia&6...1~l 0 vol p 
pbO^fflttif^* 6 & 3 * + U T'Jtf^'fcf * • C O,.., C. , 

0 2 . ©if*K#c: ©36B «t t) *> £v>»£\ .. c: ti^o^ma ' 
^JftJMfti^CffiE IB pffi!l®|gfc©=? 
hffiifob J ft<fc5Mfa#i&S. CO, CO 

-rata. a*ffi?Ltf7 , ^*r^*ii«u ss^* J i^ffi 

[0 2 14] pSfi«Jlfm®HKDVKflm2: I 

uwm&omi&m. (moi) tt (v/m jtytaaN 

JM©/ftJtTtJ: 3 0 0 0 WT» G a A 1 N©jAJt*?tt 3 6 
0 0JMT\ fib InGaN^ftfOfi8IT'l±3 0 0 
0 OfiTFTJIgfiK-rs. V/III J£fty^ffi©0WlLtK:&S 

■ra. 

[0215] *£«b«jbk:£ Dfwufeflfb«^«fic 

JR^fcaitSpffieillJI©?'**^**, ^r+'JTia 
flttfc. ft3fe0>J (4$M¥ 8-325094^, $$JS!¥ 8 - 

236744^) „ mtimmbtzmi-msamffiB 

fcp««8ii:03>**h«fii[tf(a«lf*, *f©»fls 

at, MMa9«(ottn9ft(e>s2:b«:v^ «e*«i±© 
[0216] («i itimmnm) mi. mi 5, hi 

6, 02 8©«jBffl*ilW*l/--- tr£#fc*£JggvfflJ5Kg 



(MOCVD) 8sfcJ:»>, 7 % s*-7it7> (NH 3 ) „ 
GWL&JMffiU (TMG, TMA, TMI), Mh-M 
>h®*4 (Cp 2 Mff» SiH 4 ) ftffl^TJBj«-r«. 

tUZ#*£> (H 2 ) iSJS l vol ppbUTKfMt 
H2 ©iaS* J C©$5H«tt)t>^t^^ «©7MflHftft 

©jaa©?5H«tDt.^v^^ x ^juciaajRasi? 

[0 2 17] pSfiHMVfm©R©V«URft2: 1 

1 Ii£JSi*4©fftiJ&S (mol) Jt (V/III it) £Ga 
NJl©J&gT?tt 3 0 0 0 tlT, G a A 1 N©AJl?tt 3 
6 0 0 filf, fiLInG a Nft^WMKMftftTtt 3 0 
0 o'oWTT-TBfifc-fSo V/III J£tf±j£©tt£l±C& 
a fc, MgOJ^-b^Xttt^ U 7"v©i£ttfttfttH& 

T-ra. 

[0218] *mmm££*)<mLtzm<byim*m& 
sj±> vt&m mm*?* - 325094^, - 

2 3 6 744^) , SCIiS!liBLfc^l~^9©||«iB 
J§C«t-5®^©3{SJU±t«:t)s *©*&!& p^e^Jl 

tpffi!i«ai:©3>^^ hjgjt*j(s®T-§, m^omft 
ss?©^ssd, ««tt*«**K:ia±-ra. *&» fiEis 

[0219] (^12 ©Utt^tt) ^ 1 ©XM^IBC: A 

Rvfim&mmn (tmg, tma, tmd , r 

VY-Jl>YSm (Cp 2 Mg, SiH 4 ) im^Xte- 

fiR-ra. {iu.pse3¥.&wf 5S©*> xiin^e^ 
ft#r«i*^b*?fli*JiK^T<bji*»jairii»© 
*+y7#^*a3H*^©#» xa:2. 5«f*%fiiT© 

[0 2 2 0] g*®CDp-GaN3>^^ h® l gjgjft 

tt. TMG©tt,f&©^&f?±Us Sffiias^-e©**<s 

ftU 7y*=.7HX, Cp 2 MgMljS*tU7S 

^4i oflfliifltte-ra. *©atcP2 Mg©w*&$f¥ 
±u a6»aBJ*ft3 5 0"c*-e»au sso'ct-t'^ 

[0 2 2 1] ff&n&)R-7©S%B©p-GaNri>^ 
* Mil 9©7^-t^iBflEftC-Vil«£CJ:0»il5L 
,p'-OaN3^> KJi l 9©fiK^k:^> 
4-7<Dfr& 3 5 0'C UBSWv ^©flb©JRAa 



(18) 



AKtt^ 1 firW±fffi^ (~ 1 x l o c m-3) d A* 
*J^fc. LiPU CI©!**}© I - Vtttt*t¥ffliLfci:C 

T©l&{t«EE##] 1 1 2fc«Eo&. , -S 

»k p-GaN3>** hJI r.q©ft&SIKttJlrtS© 

[0 2 2 2] »6nfe*«W*:U--!f«)* ; ? : «ttftaWllib 
fcfcd*, StI4 0 5nm, flbfM£E4. 5 V, L*H 
K«tt3 7mA?£«3l&BJSLfe. 

[0 2 2 3] (Hi 3©&ffi]gffi) MSI 2Q>mffiBMt. 

mm<DmmR.vfm£&K.&^-c, ®&is©p-GaN 

3>**hJl 1 9©jgfittfe, TMG©ft*&©#&f?± 

u stsias^s o o'ctsija-rs^T^^^ftite 

TTiHRJMPU SffiSfi* J 8 0 0*ClC2JjaUfce>7'> 
^TCftl&fcffcltU CP2MgtS^t'J7^ 
©#&1 5^Mft«&-TS. *©ffc CP 2 Mg©ffc|&£ 

3JTi*.5o 

[0 2 2 4] f#£nfc5S?©S3*®©p-GaN:i>* 

* Mil 9©:r**:/*«**C-V*fcej:MWIiL 
fefcC5> p-GaNn>** hJf 1 9©jEfcft&K?*> 
^-7©*S 3 5 0*C*T?ft|&U*B\ *©»©««* 

AfclWCfc-afc. c©Ktt©l-VWttftlWBbfci: 

■MWtE'*»tt3/5Cft-3fc. S IHS#&ffc«fc!K p 

©Mg##£bfc. 
[0 2 2 5] »&n&*#ttU-y©*Wttfc»ISL 
tztZZ. $I4 10nm, SK^®E5. 5V, L§V% 

<BmS£4 5 mA-esaasRft&ufe. ... , j 
[0226] (is 1 4 (ommm) m i i^mmmt. 

RW©«*RVI««KriSfc*V^T» SSfflCp-GaN 

bJ§ 1 9©J£jO&, TMG©ft*&©#&f§Mt 
U &8t&£#9 0 0°Ct5iJS-rS*T'7*> ; e-7-ft*& 
TTi«ttWPU SffiSSA J 9 5 0"CCfySiLfc£T> 
*=7©ftlftftff±U CP2 Mefc^lS^+'JT*^ 
«ftl&L*C#&7 5 O'CST- 1 0»Hft4&Lfc**6:*n 
-TRfifS. StEig&a s 7 0 0*CtS'J3iUfc?>CP2 
Ms©ft|&ftf»±U «**1rU7if^©#*ftl&L& 

[0 2 2 7] »&nfc*?©MHB©p-aaN3>* 

* hjn sc^-b^aaftc-vatetAOffiiBu 

tztZZ. p-GaNn>** bJf 1 9©Jttft!ftlC7> 
^^T©*4 3 5 0"C*Tft»L«lt, -*©fli©H«tt 
±T ftlSff ± L @ IRJMP-r 5 ^*©^{ST-f# 6 tifcKH 

Afcwi«©7'^-b^«Ktfffe>nfc. zmim 

©I-V#t$£i¥<iDiUfci:C5, §£*4Alclt^=»:/** 

HEfittf *HCia«* n» *?©iw *flE#w i/4c 



fc-=>fc. S IMS##r£«fc!K p-GaNa>*^ bJf 

1 9 ©SftSIlCttn rt.ffl©tt 2 0 {g©M gtf^S Lfc. 
[0 2 2 8] »&nfci|MS#U— !fffl*?»ttft Willi L 

*ft4 0 7nnu ftf^tE4. 0V, L£v> 
tt««3 2 mAT^Sa^^iSLfc. 

[0229] ±m3-o<Dmmm 1 2~ig 1 4©^ 

TMG«©AB(ftJB*4©Stt&ftfPJtU Mg$ 
[0 2 3 0] (m 5%£m*ffi) ±B3o©£flBJgffi 

<$gi 2~*i 4ammm) *#&*+*) m ritaiim 

jtac m e zmfeftm. DfsaifttJLh-cas* s c t 
t-s pffiS3>^^>jaia(£M©s(i*A s f#?.n5. flu 

3««&to©ft^#<&K'e&s. 

[0 2 3 1] (116 ©gflBBffi) 81 ©%WBJBC:fll 

t>5*»«ti/— y©ti§ig (Elicit:) *psae^s# 

M©±T©JB*7 , > j e=7*^v S^^feJS®** (T 
MO.'TMA, TMI) „ filFK-^>hitt (Cp2 
Mg, SiH 4 ) *HWCJBJjW*. fiU pS<5^& 

#1-**©*, xHaR^ffl^wm^T©**^-*-** 

©$■+ U73tf^^g|S^©*H .Xtt2..' 5S«%ttT 

[0 2 3 2] S^iS©p-GaNii>>^ hSl 9©± 
fflJC p-GaNfcp-I no. 2 0*0.8 Nfe-ttl-efx 

2 nmWT©KffTSSSK:«MibfcjH»?«iaft#-r» 
M 2 3 *fl$fiK-rs. S!Fi3pa©jli<S9 1 fl!i§*#-rsS 2 
3fcff2fi£SL TMG©ft$&©*^f?±U SffiSfiS-t 
.©kftfiy^U T^^-T*^, CP2 MsAVflyK^r 

&*ff±U &KSJK&3 5 0 a C£-CR&U 3 5 0°C 
•C7'>*=7'©ftl&*f?±U SBR**';^^©** 

[0233] ®*>ntz*&&.i'--ti'm&mm&<D-8w 

80IBp-GaNi:p-Ino,2 G&0.8 NSr5£S{C«@ 
■Lfc««H t «a*#"raa2 3©«afflUB*6nfflOa 

N3>^^ Ml 3{CM-T5a?^* - C*H7'f 

fhJil 3±lCl±nSS1S2 0i J ^fiE^n-C^5o * 
fc> ^JMia©l»jS*JxTC^aev^«a'©pai©iH»?* 
jiSWTS® 2 3±{iaftiffiKip©&A©S i 0 2 JB 2 
■l*«aiRWC«*«*tu C©Si0 2 M2 l&tfpS© 
ffltt^«itft#r«.JB2 3±JCpS!«ii2 2tfJBJ«*n 

[0 2 3 4] ff6ftfc*N9ttU--if©JR^ttttfc»ilBL 
TztZZ, iSS4 0 5nni, ftf^«E4. 0V, LSV* 



(19) 



[0 2 3 5] (mammm) fc*s> #^1*, is&x 

U f8^&bT*hw<>h©Sft{b£{^£^££& 

MSLty^KfD (DH) ffi&CDSafcJfc^Sflj&X 
&©**8£fl|j§-*>S'>*>'V7 1 D (SH) #jg&feS 

[0 2 3 6] £fc*$8B£l±, g{b«am*iff#&ffi^fcL 
ED J f>LDJ&^CD«^?R^-O^J5ce.-rx pf.t*ME 
MTXttH B T3?©m?7^ W *^©{Sffl *> f»Jfn?fc 

[0 2 3 7] 3e**U7 , #^fcbTaBR«Wt7' 
(Ar) -¥"n'J£A (He) ^ZWS&tf^&ffl 

[0 2 3 8] ±iBbfci&Bj§tfcJu p3!JI©/&ill$£5IH 

V> 3 L E D -P L D «©*fc4MRiNHt*?' £ffr£?- 

s PS© nS]ifiKfiB#t: t gas* * u feffli^ a z t 
tfutg-efea. *?ffl£JU8U&gBt©±T©jf© 

[0 2 3 9] «t*, *ftHfck /ftftttCDM»a«fb'C+ 

[0 2 40] ■?©«&, 3MB«tt-*®SBft&Iii bfcl>IS 
BST-fi* XJK bTfSflET? £ 5 . 
[0 2 4 1] 

[ftWDftrjR] «JdKWbfc*3C#»i»fcJ:iU& I 
n x Al y Ga z Bi- x - y - z N B P n Asi- B - n &£© 

tt-t»«*«*ffl«*tt*«, srtKfcttag^si&K©^ 
tt©5ttwT4:&*j:SfcbT^s. ae^-c, *x^e 

(«tt) , #ftft1IJW<2>£i& VfrNffiK* 

[0 2 4 2] g-fe, pS{b^*i3ttJf£j5jcg-rSP8© 
*+'J7if^+a)C0, CO2 »i&&-S>H2 ©iaK, JE 

ck»«fl«stt (v/in ) fcsasra-achKj;^ a 



S'#©^ftiiiaxgSRUT-pS^ADWtii s rSttfbU, jft 
5>ti> *?©«]ltlltt& £IR& ££& 3*h#*tt 

*?©IWWRE*«flarc&» jS^OfiJ^ 
[0Hofas#&i!iB^] . . 
-rmmm* 

[02] Miioxiiegaitc^itsaRd^AonsE^ft 

[03] RM^jBKl^ttSWjRttKOiart^ftT 9 ^ 

[04] mmmmiz*$vz>mtm&<Dmftftif;z7 : '( 

[05] PI^«6ff^K:*ftS7Jc^iSJScD]iirt^*7 ; -f 

[06] raiUEff^tcib-ftaJiifiiaecDiart^ST 1 ^ 
^^u-±tmm bfe*mniii*©?x. 

[07] ilMe:|3tf«ft**fttoHrt»* (ss$ i o 
Onm) S^-f ^7"U— ±t^Ufc'fM9iH^© i f : 
X. 

[08] J±!|5Efi«Jt:^^*S?^ii«<D®rt^^7 ; 'f^^ 

[09] itiS^jc^wszic^jisoart^s^^^T* 

U-±C*^bfc«t»H*H*fflW. 

[0io] HttM<c£i?£^*ft©iBrta**7 f <r * 

?U-±CHin bfc* HMO*©?*. 
[011] GaN/fK:fcfr5$gj^©*x;\®F<3#*|J 
UTtf^^Jc?!?** UT'jtttfcTJtttbTji* 

■T0. 

[012] GaNMC:)3l?&jajUKK®aft8UEtt#& 

***** u i:**** u k-cittt b-c^ 

"T0. 

[013] pfflfic*JilC*W«7 , ^-b^*||E©rtfta 
*tt#tt****ir U 7:tf;*k**** 'J fcTtfc 
KbTaVTBI. 

[014] fttt&AJI^jgtt&ftSGaAlNJIic::*;!? 
SAl»ao^xy%iart*#ft***vU7*f^i:** 
y T^tf^fcTH^bTiivrBI. 

[015] * 2 ©*«»«£» *^f*U-tf©»3afe 
^1-»fS0. 

[016] *3©»BBJBC»i**^'f*-H<0«Ja 

Sr^-TBf B0. 

[017] *5©%liE^!Bt:ff«afb«^9ff*?© 

<(iia*5*-rKfflia. 

[018] B3(aS^ffit*{W-*»**ftI© ; I ; «»iMC^ 
^Sfi6*i:it$ibT?>-r0o 

[019] WJIflBBflBC^WiC-VWttttSfttt**: 
tbiKbT^-r0. 



(20) 



.[02 0] mnmzifsit&vzmmi&tt-fWo 

[02 3] %Q(ommmz%*mm3k*mvm : ?-v> 

[ia 2 4 1 wmmm s s&xfiia. 
[02 5] n«MBSiK:«it«x)gfliflKft9'ria. 

[02 6] *70Wttt«*#»»l/HfO««t 

^1"ir®0o 

[02 7] PI^9l5ff^t:*ltSS!Jgxg0. 

[028] mraflrc&ttswsxsH. 

[02 9] |j33£ffiJf^fc:fc'tt5£pffiJ&&^-f0. 
[03 0] PIIIJIS^<!§t*5ltSgC^I8fiRS:m-r0. 

[03 i] aiacsoe^JBKWis^Niwu-iroaoiw 
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